Summary. Pheromonal 
Introduction
Marmoset monkeys establish social groups in the wild, amongst which only one female breeds (Stevenson, 1978; Hubrecht, 1984; Stevenson & Rylands, 1988) . Captive group-housed female marmoset monkeys establish a social hierarchy in which only the dominant or rank 1 female ovulâtes and breeds (Abbott & Hearn, 1978; Abbott et ai, 1981) . Her subordinate females (ranks 2 and below) remain anovulatory as reflected by their low and acyclic concentrations of plasma luteinizing hormone (LH: <2i.u./l) and plasma progesterone (<10ng/ml) (Abbott et ai, 1981 (Abbott et ai, , 1988 . The suppressed pituitary LH secretion in subordinate females is accompanied by a dimin¬ ished response ofthe pituitary to single injections of gonadotrophin-releasing hormone (GnRH; Abbott et ai, 1988) . Subcutaneous pulsatile infusions of GnRH given to subordinate females resulted in an increase in plasma LH concentrations comparable to those seen in normal ovulatory cycles (Ruiz de Elvira & Abbott, 1986; Abbott, 1987 Abbott, , 1989 . After infusion, plasma LH values returned to the low levels characteristic of subordinate females. These results therefore suggested that a hypothalamic block to GnRH is imposed upon the subordinate female by the dominant female.
Subordinate females do not suffer a permanent block to reproduction as removal from their social groups, and the influence of their dominant female, prompts a release of plasma LH and the onset of ovulation (Abbott et ai, 1988 (Epple & Katz, 1984; French et ai, 1984 (Stevenson & Poole, 1976) and have well-developed circumgenital scent glands (Sutcliffe & Poole, 1978) . The aim of this study was to determine whether olfactory cues from dominant females provide an important sensory input imposing suppression of ovulation in their female subordinates.
Materials and Methods

Animals and social group formation
The marmoset monkeys were captive-born animals raised in the Institute of Zoology under the conditions described by Hearn (1983) with a constant photoperiod of 12 h light: 12 h dark. The 16 social groups were formed from unrelated marmoset monkeys, which were either offspring from family groups or from male female pairs. All animals used were post-pubertal (over 15 months of age), as previously described by Abbott et ai (1988) .
To form a group, 2-4 males and 2-4 females were placed together in either (1) an observation room (2-9 2-2 1-7 m) fitted with interwoven tree branches and a nest box at I -2 m above floor level, or (2) a home cage (100 50 75 cm) with an exercise cage (2 1 2 m) attached by flexible ducting (Hearn et ai, 1975) . At 2-4 weeks after group formation the social groups were maintained in home cages.
Within 2-3 days of forming the groups a dominance hierarchy was established (Abbott & Hearn, 1978) which amongst the females consisted of a dominant (rank 1) female and her subordinates (ranks 2 and below). The ranking order was confirmed using behavioural analysis of recorded aggressive and submissive interactions between group members. Briefly, the highest ranking female received most submissions and the least aggression and the lowest ranking female received most aggression and the least submissions (Abbott, 1984; Abbott & Hearn, 1978) . Interactions involving food and water were excluded from the analysis. The rank order within a group strictly defined reproductive prowess; only the dominant female was capable of ovulating. The standardized social groups therefore contained 1-3 reproductively suppressed subordinate females. Removal ofthe subordinate females from the group and the constraints ofthe social hierarchy led to the commencement of ovarian cyclicity in these females (Abbott & Hearn, 1978; Abbott el ai, 1988 ).
Blood sampling and assessment of ovarian function
Blood samples (0-3 ml) were collected from the femoral vein every 1-3 days between 09:00 h and 13:00 h (Hearn, 1977) within 5 min ofthe animal being removed from its cage. The animals remained unanaesthetized throughout the procedure and were rewarded with a small fruit juice drink. Blood was collected into heparinized syringes and pro¬ cessed as described by Abbott et ai (1981) before hormone assay. The frequency of blood sampling was sufficient to determine ovarian function through the measurement of plasma progesterone concentrations. Dominant female marmoset monkeys have a 28-day ovarian cycle inclusive of a luteal phase lasting approximately 19 20 days during which plasma progesterone levels are > 10 ng/ml (Harlow et ai, 1983) . The day of ovulation was considered to be the day before plasma progesterone concentrations increased to > 10 ng/ml and remained above this level for approxi¬ mately [19] [20] The sensitivity ofthe assay (determined as 90% binding) was 1-6 ng/ml progesterone. The inter-and intra-assay coefficientsofvariation were 14-3%and 11-6%, respectively, asdeterminedusinghigh(49-2 + 0-7 ng/ml, mean + s.e.m., = 20) and low (10-7 ± 0-3 ng/ml, = 20) pools of marmoset plasma.
LH bioassay LH was measured in unextracted plasma samples using an in-vitro bioassay system utilizing testosterone pro¬ duction by mouse Leydig cells (Harlow et Edinburgh, Webb et ai, 1985) and an antiserum raised in sheep against the testosterone-3-carboxymethyloxime. The maximum crossreactivity of the antiserum observed with other steroids was 12-1% with dihydrotestosterone, 3-3% with androsterone and <1% with other steroids (Webb et ai, 1985) . Inter-and intra-assay coefficients of variation were 6-2% and 11-9% respectively, as determined from marmoset plasma pools (27-5 + 0-4 i.u./l, (Helwig & Council. 1979; Sokal & Rohlf, 1981 (Helwig & Council, 1979; Sokal & Rohlf, 1981 
Results
Control groups 1 and 2
All subordinate females that were isolated from their social groups and maintained without scent contact with their dominant females, in either control groups 1 or 2 ovulated within 2 weeks (see Table 1 ). Figure 1 Fig. 1 Fig. 1 (ii) ; No. 451W; No. 402W) were apparent because plasma progesterone con¬ centrations remained > 10 ng/ml after the initial ovulation throughout the rest ofthe control phase (4-6 weeks).
At the end of the control group 2 phase the subordinate females were re-housed with their dominant females, whereupon they resumed subordinate status. Plasma LH and progesterone con¬ centrations in subordinates fell to <2 i.u./l and < 10 ng/ml, respectively, in less than 1 week and remained low and acyclic. All 5 subordinate females that underwent the control group 2 phase were returned to their dominant females for at least 3 weeks before the start of the scent transfer phase.
Scent transfer phase
When subordinate female marmosets were isolated from their dominant females but main¬ tained in scent contact, there was a significant (ANOVA F(2,18) = 7-7, < 0004) delay in the onset of ovulation of~20 days compared with control groups 1 or 2 (see Table 1 ). This is exempli¬ fied in Fig. 1 by Females 388W and 401W which, when returned to their dominant females and groups after the control group 2 phase, had low and acyclic levels of plasma LH and progesterone. These low levels of plasma LH and 
Discussion
These results clearly demonstrate that olfactory cues from dominant female marmosets play an important role in maintaining the suppression ofovulation in subordinate females. They are similar to those found in the closely related tamarin species, Saguinusfuscicollis and S. oedipus, which had also suggested a role for scent of breeding females in maintaining acyclicity (Epple & Katz, 1984) and delaying ovulation (Savage et ai, 1988) (Epple & Katz, 1984) or a delay in the onset of ovulation compared to controls (Savage et ai, 1988) .
Ofthe 5 subordinate female marmoset monkeys that underwent the control phase ofthe exper¬ iment, 3 did not undergo a second ovulation within the 6-8 week timespan. Rather they appeared to have a prolonged luteal phase from their first ovulation. There is variation of ovarian cycle lengths in the marmoset monkey: Harding et ai (1982) suggested that the luteal phase could last 17-72 days. Therefore it appears unlikely that the lengthened luteal phases were a result of control procedures per se. It is unlikely that the progesterone measured was of adrenal origin because ovariectomized females have low plasma progesterone concentrations (Harding et ai, 1982; Kendrick & Dixson, 1984 
